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ABSTRACT 
Fourchon Beach, a 9-mile coastal headland located in Louisiana Gulf Coast, has been 
heavily impacted by the Deepwater Horizon (DWH) oil spill, which began on April 20th 2010. 
Once on the beach, the oil spill residues were moved, suspended and transported by subsequent 
washover events. These washover events occur during storm surges, hurricanes or other 
situations with high water levels; pushing oil residues from the subtidal and intertidal zone of the 
beach and then depositing them in the supratidal marshes and mudflat areas. In order to 
determine the impacts of washover events on oil residues, two complementary studies regarding 
degradation and transport of oil residues have been conducted. The first one is a laboratory study 
that has been conducted to understand the stability of oil:sand aggregates in new environments. 
Oil residue samples of surface residue balls (SRBs) collected from Fourchon Beach on March 7th, 
May 5th, and May 18th in 2016, were used in the degradation experiment. The degradation 
experiment was further divided into two parts: one with shaking treatment and the other without. 
In the static test, the stability of aggregate oil residues is negatively correlated with salinity: 
specifically, water with lower salinity dissolves SRBs more readily. In the shaking test, porosity 
was the main influencing factor of SRBs stability. SRBs with higher porosity were completely 
broken apart due to water energy, even if they were in water with high salinity. In the second 
study, data were collected for hurricanes and tropical storms that occurred after the DWH oil 
spill event that directly impacted the Louisiana Gulf Coast. These data were used to estimate the 
factors responsible for transport of SRBs. The data analysis revealed that the SRBs on Fourchon 
Beach were mobilized by every extreme washover event. Further, return time of washover events 
is also discussed at different locations with various elevations. Beach crests or coastal dunes with 
heights lower than 0.529 m above Mean Sea Level (MSL) would be washed over every year.
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CHAPTER 1: INTRODUCTION 
1.1 Background 
On April 20th 2010, the Deepwater Horizon oil rig, located at Mississippi Canyon block 
252 (MC252) in the Gulf of Mexico, exploded, releasing tremendous amount of crude oil and 
causing one of the largest environmental disasters in the United States. BP, the company that 
owns the rig, originally estimated the volume of oil spilled was 1000 barrels per day. However, 
the US government estimated that 60,000 barrels per day were spilled (McNutt et al., 2011a).  
Spilled MC252 oil has impacted a large area of the Gulf of Mexico and gradually spread 
to the coastline of many states including Louisiana, Mississippi, Alabama, and Florida. Grave 
consequences in environmental aspects, like the increase of toxic substance in water and across 
the shoreline and the subsequent death of marine organisms, were caused by the oil spill events. 
Compared with other settings, one of the most vulnerable sites is the marsh environment, such as 
the area behind Fourchon Beach, as it is not protected by dunes, and is continuously eroding by 
tides and wave action. Fourchon Beach, a 9-mile coastal headland located in the Louisiana Gulf 
Coast, is a part of the Caminda Headland beach system (Figure 1). With continuous overwash by 
waves and tides, this system is extremely unstable and dynamic with changing of elevations, as 
well as beach geomorphology (McBride et al., 1992). After the spilled MC252 oil reached the 
coastline, currents with high water levels caused by some extreme events, like storm surge 
rushed oil residues from subtidal and intertidal areas to the supratidal environments. These 
events are referred to as “washover” events in this study.  
Washover events are hightide events where sediments are moved across beaches or dunes 
and re-deposited inland by overwash. In general, a beach can be divided into three zones: the 
subtidal zone, which is below mean low tide; the intertidal zone, which is between low and high 
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tide; and the supratidal zone, which is above high tide to the dunes (Figure 2)(OSAT-3, 2014). 
On Fourchon Beach, a headland beach located in coastal Louisiana, it has been observed that oil 
in the form of surface residue balls (SRBs) are moved from subtidal and intertidal zones of 
beaches or dunes to supratidal marshes and mudflat areas by these washover events. These 
washover events occur after overtopping beaches or dunes, as well as inundation. During the 
events with high water level, turbulent water currents often suspend sediments along with SRBs 
to inland areas directly. SRBs are then deposited anywhere the overwash flows slows down or 
infiltrates into the marsh. SRBs had been found in all of these three zones along the entire 
shoreline of the Fourchon Beach. 
 
Figure 1. Fourchon Beach, Louisiana (http://www.google.com/maps) 
SRBs are likely products of Submerged Oil Mats (SOMs). SOMs are mainly deposited in 
subtidal zones, formed at either shallow water areas with sufficient energy to entrain oil and 
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sands, or coastlines when surface oil seeps into sands (OSAT-3, 2014). A SRB has an oil core in 
the central and an oil-free sand layer at the surface, as well as shell and organic matter. These 
SRBs have been found in all three of the tidal zones, are 0.5-10 cm in diameter, with the SRBs in 
the supratidal zone smaller than those in the subtidal and intertidal zones (Urbano et al., 2013). 
Besides the sizes, other characteristics of SRBs may also vary with re-depositing position and 
connection with natural environments.  
 
Figure 2. Shoreline Zones (OSAT-3, 2014) 
A study reported by OSAT-3 concluded that MC252 crude oil residues are physically 
degraded over time (OSAT-3, 2014). After wave and wind re-exposed oil that was buried in 
some areas; wave energy broke oil mats into smaller pieces, and then transported them to other 
areas. However, not all currents are able to move SRBs, which consist of 75% to 90% of sands 
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by weight. Under most non-storm conditions, cm-size SRBs cannot be transported; but during 
storm conditions, all sizes of SRBs, even up to 10 cm, can be mobilized along shore (Dalyander 
et al., 2014). Unlike in the shoaling zone or the surf zone, SRBs are very mobile in the swash 
zone, which is between the backbeach and the surf zone with broken waves, where even wave 
energy is low (Dalyander et al., 2015). SRBs, which cannot be mobilized, would be buried again 
(Dalyander et al., 2015). SRBs can be deposited in all the three tidal zones during washover 
events, and the biogeochemical characteristics of SRBs vary with the deposited locations 
(Lemelle et al., 2014; Elango et al., 2014). 
SRBs are regarded as contaminants; one of the reasons is MC252 crude oil is composed 
with many chemical substances. Two of the components, polycyclic aromatic hydrocarbons 
(PAHs) and n-alkanes, represent important fractions of the crude oil spilled. Polycyclic aromatic 
hydrocarbon (PAH) is a hydrocarbon organic compound with at least two benzene rings, without 
any other elements or substituent group. It is one of the main chemical carcinogens all over the 
world spread through air, water, vegetation, and even deep soil (Shen et al., 2008). The PAHs 
with more benzene rings, which mean higher molecular weights, are slower to be degraded than 
those with less Unrings (McNally et al., 1998). Owing to its low solubility and vapor pressure, 
more PAH exists in soil and sediments than in water and air (Lin et al., 2005; Wang et al, 2007). 
Alkanes are saturated hydrocarbons only with C-C and C-H single bond. The alkanes with longer 
length are more stable, which means the longer alkanes degrade more slowely than the shorter 
ones (Nie and Fan, 2000). After the Deepwater Horizon oil spill, hydrocarbon-degrading bacteria 
and bacterial community have experienced a large amount of growth after oiling. Biodegradation 
of oil components was shown to be an important process for recovery (Kostka et al., 2011). 
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Process, which transport or degrade residues into forms more accessible to bacteria, may be very 
important to ecosystem recovery. 
1.2 Research Objectives 
The Objectives of this research were to: 
1. Determine whether salinity in environments impacts stability of SRBs. 
2. Determine whether the currents observed during tidal washover events are sufficient to 
move SRB oil:sand aggregates across the surface of the Fourchon Beach. 
3. Predict the return period of washover events that occur at beach crests or coastal dunes 
with different elevations. 
Objective 1 will be contained in Chapter 2, and objective 2 and 3 will be contained in 
Chapter 3. 
1.3 Organization of the Thesis 
Chapter 2 is the description of the results of a laboratory experiments with one part as 
static treatment and the other part with shaking treatment. For the static treatment, SRB 
samples were soaked for five months. For the shaking treatment, SRB samples were shaken 
in a tumbling machine for 24 hours. The two treatments together were carried out to mimic 
the degrading process of SRBs that occurs naturally in wetland and mudflat areas on 
Fourchon Beach. In Chapter 3, theoretically analyzes the data of eight hurricanes, which 
happened after the oil spill in 2010 and have directly impacted the Louisiana Gulf Coast, to 
investigate the transportation of SRBs across the shoreline of Fourchon Beach. Chapter 4 as 
ending part of this thesis is a summary regarding the results and findings of this study. 
Potential research areas that need further investigation are also provided in the final chapter. 
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CHAPTER 2: STABILITY OF SRBS 
2.1 Introduction  
Fourchon Beach, a part of the Caminda Headland beach system in the Louisiana Gulf 
Coast, is extremely unstable and dynamic with changing of elevations and beach geomorphology 
due to continuous overwash by waves and tides (McBride et al., 1992). On April 20th 2010, the 
Deepwater Horizon rig exploded and later released a large amount of crude oil with a rate of 
about 60,000 barrels of per day (McNutt et al., 2011a). Without protection of dunes, but with 
many eroding tides and waves, the mudflat or marsh areas behind Fourchon Beach become very 
vulnerable sites. On Fourchon Beach, currents with high water levels caused by some extreme 
events, like storm surges, have potential to move MC252 oil from subtidal and intertidal zones to 
wetlands in supratidal areas. These events, which are termed as “washover” events, cause very 
quick erosion on Fourchon Beach with a rate of about 40 feet per year (McBride et al., 1992). 
During washover events, sediments are rapidly moved across beaches or dunes and re-depositing 
inland by overwash, which is caused by tropical and extratropical storm events or other 
situations with high water levels. 
Crude oil reaching the shoreline formed Submerged Oil Mats (SOMs) and Surface 
Residue Balls (SRBs). SOMs are mainly deposited in the subtidal zone, formed at either shallow 
water areas with sufficient energy to entrain oil and sands, or coastlines when surface oil seeps 
into sands (OSAT-3, 2014). SRBs, which consist of oil residue in the center and sands and shells 
as oil-free surfaces on the outside, are found in all of three tidal zones, 0.5-10 cm in diameter 
(Urbano et al., 2013). Results reported by OSAT-3 showed that MC252 crude oil aggregate 
physically degrades naturally over time (OSAT-3, 2014). Another study investigating the 
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characteristics of SRBs on Fourchon Beach shows that the SRBs in supratidal environments are 
generally smaller than those in subtidal and intertidal zones (Urbano et al., 2013).  
SRBs are regarded as contaminants because crude oil contains polycyclic aromatic 
hydrocarbon (PAH), which are toxic chemical components. PAHs are hydrocarbon with at least 
two benzene rings, without any other elements or substituent groups. It is one of the main 
chemical carcinogens found through the world and spreads through air, water, vegetation, and 
even deep soil (Shen et al., 2008). With low solubility and vapor pressure, PAH exists more in 
soil and sediments than in water and air (Lin et al., 2005; Wang et al, 2007). In addition to PAH, 
n-alkanes are also presented. The alkanes with longer length are more stable, suggesting the 
longer alkanes degrade slower than the shorter ones (Nie and Fan, 2000). Both PAHs and 
alkanes are removed from the environment using microbial degradation (Bao et al., 2003). After 
the Deepwater Horizon oil spill, hydrocarbon-degrading bacteria and bacterial community have 
experienced a large amount of growth; biodegradation of oil components has shown to be an 
important process for recovery (Kostka et al., 2011). Anaerobic environments with insufficient 
oxygen provide conditions for oil persistence for a long time because PAH is difficult to be 
degraded (Pardue et al., 2014). The availability of oil to bacteria is an important factor in 
biodegradation. SRBs, which are stable aggregate, create challenges for bacteria to access the 
crude oil.  
It has been found that SRBs in supratidal environments are smaller than those in subtidal 
and intertidal zones. SRBs are not observed in marsh or mudflat areas after transport. SRBs may 
be less stable in these environments (Urbano et al., 2013). Salinity is one of the major parameters 
that can be used to differentiate supratidal zones and intertidal or subtidal zones in coastal areas. 
In this study, a laboratory experiment is conducted to determine whether salinity impacts 
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stability of SRBs. The SRB samples were collected from Fourchon Beach in 2016, so the 
aggregates were 6 years old and had been stable on the beach during that period. Two 
experiments: a static test and a shaking test were performed. Sea salt crystals were mixed with 
tap water to simulate coastal water environments and to divided produce different salinity levels.  
2.2 Materials and Methodology 
2.2.1 SRBs Sampling 
The study site is Fourchon Beach, a 9-mile coastal headland located in the Louisiana Gulf 
Coast (Figure 1), which was impacted heavily by the Deepwater Horizon oil spill. For this study, 
SRBs were collected respectively on 3/7/2016, 5/5/2016, and 5/18/2016 from a polygon centered 
at Fourchon Beach. Physical characteristics including size, weight, and moisture content of the 
SRB samples were measured after collection. For each collection date, two SRBs were randomly 
selecteded and then weighted after drying completely in an oven in the lab at 105 °C to calculate 
mean moisture content. The mean moisture contents were 0.6%, 0.4% and 0.8% for the SRB 
samples collected on 3/7/2016, 5/5/2016 and 5/18/2016, respectively. The temperatures were 
20 °C, 25 °C, and 26 °C; and the humidity, which might be the influencing factor of SRBs 
moisture contents, were 74, 55, and 81, of three sampling dates respectively.  The sizes and 
weights of all the SRB samples are shown in Table 1. 
Table 1. Size and Weight of SRB samples 
Size (mm) 0~20 20~40 40~60 60~80 
% 54 42 3 1 
Weight (g) 0~10 10~20 20~30 30~40 
% 93 4 2 1 
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2.2.2 Salinity Treatment 
In a coastal environment like Fourchon Beach, water salinity can vary from pure seawater 
in subtidal or intertidal zones to slightly brackish water in the wetlands or mudflats. To simulate 
the water environments with different salinity, sea salt crystals with recommended salinity of 
5.79 g/kg were mixed with tap water. Five solutions were created by adding 0 g, 0.2895 g, 
0.7238 g, 1.4475 g and 2.895 g sea salt crystal into 500 mL of tap water to produce water with 
salinity of 0, 0.579 g/kg, 1.4476 g/kg, 2.895 g/kg, and 5.79 g/kg, which were <1% (no salt 
added), 10%, 25%, 50% and 100% of original salinity, respectively. 
2.2.3 Static Test 
In the static test, a total of fifteen SRB samples (individual aggregates) were divided into 
five groups treated with the five treatment water with salinities of <1%, 10%, 25%, 50%, and 
100% of original salinity. Each group consisted of three samples with one sample of each 
sampling date. Each sample were weighed and then soaked in the 500 mL water solutions 
statically for five months from May to October 2016. After five months, the SRBs were taken 
out of the salty water by filtering them through a sieve with size of 2 mm. Water and SRBs were 
sieved through a 2 mm sieve. The pieces with diameter greater than 2 mm that were left on the 
sieve were collected, and placed in evaporation pans. SRB pieces that had broken off with 
diameter less than 2 mm were passed through the sieve and collected in glass beakers. 
Evaporation pans as well as glass beakers with smaller SRB pieces were placed into an oven 
with temperature set at 105 °C to dry the samples for two days. When these SRB samples were 
completely dried, weights were separately measured and compared with the weight the salinity 
treatments were applied.  
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2.2.4 Shaking Test 
In this study, a shaking test was conducted in order to simulate the conditions that higher 
energy waves move SRBs in subtidal, intertidal, and supratidal zones on Fourchon Beach. 
Similar to the static test, fifteen SRB samples were separated into five groups and different 
salinity treatments were applied as described above. Each group consisted of three samples with 
one sample of each sample collection date. In this test, after measuring the weight, samples were 
placed into fifteen plastic bottles for tumbling. The tumbler used in this study was a rotating 
tumbler with frequency of 30 revolutions per minute. The tumbler worked continuously, and 
samples were removed after 24 hours. A comparison with the dry weight before tumbling was 
made to assess the condition of SRBs in different salinity environments, as described above. 
2.2.5 Extent of SRB dissolution 
Once the SRB samples were extracted and completely dried, the portions with diameter 
greater than 2 mm and the deposits with diameter less than 2 mm were weighted separately. As 
SRBs broke apart in water environments, some SRB components could be water-soluble and 
then dissolved in water. In this study, these water-soluble portions were not measurable. In this 
way, the extent of SRB dissolution was calculated by: 
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 " > 0.2𝑐𝑚"
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡
× 100% 
2.3 Results and Discussion 
2.3.1 Static Test 
The extents of SRB dissolution under static conditions are shown in Table 2. 
In the static test, all of the SRB samples were soaked in salty water without movement. 
The appearance of the SRBs changed very slowly. However, after 4 days, small cracks were 
clearly noticed on the surfaces of the SRBs sampled on 3/7/16 for both Treatments #1 and #2. 
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The SRB from date 3/7/16 in Treatment #3 was broken into two pieces. There were also a few 
particles separated from sampling date 5/5/16 and 5/18/16 in Treatment #1. Additionally the 
water from Treatment #1 with <1% of original salinity was turbid. There was still no obvious 
change of other samples after 4 days. After 12 days, the SRB from date 3/7/16 in Treatment #1 
was broken into several pieces; and in Treatment #2, the sample from the same date also split 
into two parts. The SRB from 5/18/16 in Treatment #2 appeared in the same condition as that in 
Treatment #1 after 4 days: small particles started to break apart from the SRB. One month after 
the test started, all three samples in Treatment #1 were broken apart, and with the SRB sampled 
from 3/7/16 broken into the smallest pieces. Most samples in Treatment #3, #4, and #5 also 
started to degrade after one month except for the two sampled from 3/7/16 in Treatment #4 and 
#5. There was still no obvious change of these two SRBs and the water solution, with 75% and 
100% of original salinity, were still clean after one month. 
Table 2. SRBs dissolution extent in static test 
  SRB 
Sampling 
Date 
Original 
(g) 
Dry 
(g) 
＞2 mm 
(g) 
＜2 mm 
(g) 
Dissolution 
Extent 
1# 3/7/2016 5.033 5.003 2.2593 1.8680 54.84% 
(<1%)  5/5/2016 7.978 7.946 5.6435 1.3729 28.98% 
 5/18/2016 9.271 9.197 6.2620 2.2750 31.91% 
2# 3/7/2016 6.588 6.548 4.4595 1.0998 31.90% 
(10%)  5/5/2016 4.785 4.766 3.5878 0.9170 24.72% 
  5/18/2016 4.824 4.785 3.2937 1.0237 31.17% 
3# 3/7/2016 7.548 7.503 5.9813 0.8460 20.28% 
(25%)  5/5/2016 4.562 4.544 3.4386 0.9012 24.32% 
  5/18/2016 8.682 8.613 8.0170 0.4304 6.91% 
4# 3/7/2016 5.730 5.696 5.4370 0.1700 4.54% 
(50%)  5/5/2016 4.780 4.761 3.6299 1.0788 23.76% 
  5/18/2016 11.180 11.091 5.7245 4.1157 48.38% 
5# 3/7/2016 6.752 6.711 6.3916 0.2325 4.77% 
(100%)  5/5/2016 3.963 3.947 3.0789 0.7794 22.00% 
  5/18/2016 5.739 5.693 4.5819 0.9506 19.52% 
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We hypothesize that the dissolution of SRBs correlates negatively with the salinity of 
water: that is, the dissolution rate of SRBs decreases with an increase in water salinity. The 
dissolution extent of SRBs under static conditions as shown in Table 2 cannot prove this concept 
directly. However, characteristics of every SRB should be taken into consideration as well. SRBs 
consist of residual oil in the center, mixture of sands, shells and oil in the middle, and a sand 
layer covering the outside as an oil-free surface (Urbano et al., 2013). In this study, the total 
weights of SRB samples were measured to evaluate dissolution extent. However, the content of 
shells and sands could substantially affect the results of this experiment because shells are 
unbreakable, insoluble, and cannot go through a sieve with size of 2 mm. The SRB samples with 
more shells in the middle would result in heavier weights of the parts with diameter greater than 
2 mm as well as lower dissolution extent. In contrast, SRBs with fewer shells but more sand 
would be broken into smaller pieces, which could go through the sieve and result in higher 
dissolution extent. In Treatment #1, there were several shell fragments in the SRB samples from 
5/5/16 and 5/18/16; and the one from 3/7/16 consisted of sands only, without even one piece of 
shell. This made the dissolution extent of the sample from 3/7/16 was higher than the two from 
5/5/16 and 5/18/16 even though the salinity of water solutions in the treatments is exactly the 
same. A similar situation happened in Treatment #4 and #5. There were very few shell fragments 
on the surfaces of the samples from 5/5/16 and 5/18/16 but a lot of shell fragments with bigger 
sizes were observed in the samples from 3/7/16. This was the reason why the dissolution extent 
of SRB from 3/7/16 was lower than those of the samples from 5/5/16 and 5/18/16 in both 
Treatment #4 and #5.  
In the static experiment, the porosity of SRBs also affected the experiment results. The 
greater the SRB porosity is, the higher the pore pressure that would lead the SRBs to break apart 
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more easily. For example, porosity of granite is generally less than 1% and that of clay is 
normally greater than 50% (Huang et al., 1998). There is a negative correlation between porosity 
and material strength (Huang et al., 1998). The SRB from 5/5/16 in Treatment #2, as well as the 
one from 5/18/16 in Treatment #3 were two typical examples. There were very few shells in 
these two samples, but these aggregates were rock-like before soaking. The SRB from 5/18/16 in 
Treatment #3 was the stiffest one of all 15 samples in this test. Compared with the other SRBs 
with tiny cracks and visible pores on surface, as well as a lot of sands on surface layer that kept 
loosening, these two samples were greatly stiff. This was the reason why the dissolution extent 
of the sample from 5/5/16 in Treatment #2 and the one from 5/18/16 in Treatment #3 were very 
low, even lower than the other samples with same salinity level. The SRB sample from 5/18/16 
in Treatment #4 was the most atypical. It was the heaviest one of all the 15 samples, without any 
shell fragments observed. Beyond that, the sands on its surface layer kept loosening, causing the 
whole SRB to be extremely loose. As shown previously, this SRB is the one that dissolved 
fastest.  
Besides the contents of shell fragments and porosity of SRBs, there might be other factor 
affected the dissolution of SRBs, for instance, the microorganism on SRBs. Although in this 
study, using salty water, which was mixed by tap water and sea salt crystal, instead of the water 
in nature could eliminate the effects of microorganism in water environment, microorganism on 
SRBs would still have affects on the experiment results. Characteristics of SRBs vary among 
different locations; the microorganism on SRBs is also varied: some can accelerate dissolution 
and some can inhibit. As well as water temperature, which could affect the enzyme’s activity 
during the biodegradation. However, these were not the main reasons why SRBs dissolved in 
different extents between static and shaking test. 
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After discussion of influencing factors in this study, linear regression analysis including 
data of all the samples in the static test was conducted. According to the regression analysis 
about the correlation between salinity and dissolution extent (Figure 3), although there were 
exceptions in each salinity treatment, which cause the value of R2 small, the stability of SRBs is 
negatively correlated with salinity: water with lower salinity dissolves SRBs more readily.  
 
Figure 3. Dissolution extent and salinity of all SRB samples for the static test 
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salinity is visually represented in Figure 4 (a), demonstrating a negative correlation: the 
dissolution extent decreased with the increase in salinity, except for Treatment #4 and #5, the 
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surface of SRBs from 3/7/16 in Treatment #4 and #5, which might be the reason for this 
exception.  
 
 
 
Figure 4. Dissolution extent and salinity of SRBs from different sampling dates in static test 
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Figure 4 (b) shows the same relationship between the dissolution extent and water 
salinity for the SRB samples from 5/5/16, although the relationship is not as clear as shown in 
Figure 4. The SRBs from 5/5/17 had the lowest mean moisture of 0.4% and were stiffer than the 
other samples from 3/7/16 or 5/18/16. With less porosity and more stability, these SRBs still 
represented a negative correlation between the dissolution extent and water salinity.  
The results shown in Figure 4 (c) was mixed up and no clear trend can be found between 
dissolution extents and water salinity. As discussed previously, atypical SRB samples were 
placed in salinity treatments of 50% and 75%. Theoretically, the dissolution extent in water with 
higher salinity should be lower. It seems the impact of the porosity of SRBs overshadowed the 
effects of the salinity of water environment, thus causing test results of samples from 5/18/16 to 
be irregular. The regression analysis shows a negative correlation between salinity and 
dissolution extent with extremely small value of R2. 
2.3.2 Shaking Test 
The dissolution extents of the SRBs under shaking conditions are shown in Table 3. 
The results of the static holding test were used to determine how many days would be the 
optional length for the shaking experiment. As aforementioned, some of the SRBs started to 
break apart in the first 24 hours in the static holding test; and after 3 days, all the SRB samples 
were broken into pieces, even in Group 5 with 100% of original salinity. Thus, a time period of 
one day was chosen for the shaking test, in which a tumbler was utilized to simulate the wave 
conditions. The tumbler used in this study had a frequency of 30 revolutions per minute. This 
frequency was much higher than those of the waves in reality. Shaking with such high frequency 
represents waves with a tremendous amount of energy, which would enlarge the effects of the 
controlling factors and expedite the dissolution process of the SRBs. 
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Table 3. SRBs dissolution extent in shaking test 
  SRB 
Sampling 
Date 
Original 
(g) 
Dry 
(g) 
＞2 mm 
(g) 
＜2 mm 
(g) 
Dissolution 
Extent 
1# 3/7/2016 5.4096 5.377 3.0389 1.3513 43.48% 
(<1%)  5/5/2016 2.3437 2.334 0.2118 1.1905 90.93% 
 5/18/2016 1.5388 1.526 0.0786 0.7756 94.85% 
2# 3/7/2016 3.5854 3.564 0.7638 2.2701 78.57% 
(10%)  5/5/2016 2.6475 2.637 1.4447 0.9175 45.21% 
  5/18/2016 1.4453 1.434 0.1637 0.7219 88.58% 
3# 3/7/2016 4.0255 4.001 1.9727 1.4549 50.70% 
(25%)  5/5/2016 2.0512 2.043 0.4934 1.2743 75.85% 
  5/18/2016 1.1178 1.109 0.1374 0.7151 87.61% 
4# 3/7/2016 3.5021 3.481 1.5735 1.2026 54.80% 
(50%)  5/5/2016 2.0605 2.052 0.9688 0.8563 52.79% 
  5/18/2016 0.9887 0.981 0.3339 0.4515 65.96% 
5# 3/7/2016 2.5926 2.577 0.9689 1.1862 62.40% 
(100%)  5/5/2016 1.8244 1.817 0.7268 0.6568 60.00% 
  5/18/2016 0.7084 0.703 0.0498 0.4769 92.91% 
 
Since the static holding test were conducted first, the SRBs with similar physical 
characteristics were selected as treatments first. As the number of SRB samples collected in this 
study was limited, it was hard to select samples with similar physical characteristics for the 
shaking test. Thus the impacts by shells fragments as well as the porosity of SRBs were 
considerably enlarged in this test. The dissolution extents of SRBs from 3/7/16 in both Treatment 
#1 and #3 were greatly affected by the shell fragments; the entire surface of the one in the first 
group was almost completely covered by shell fragments. After shaking, although most shell 
fragments were separated from the oil kernel, the fragments could not go through the sifter as 
their size were generally greater than 2 mm. This caused heavier weight of broken pieces with a 
diameter greater of 2 mm than usual, leading to a much lower dissolution extent of the SRB from 
3/7/16 when compared to those of the other two samples in the same treatment. Another atypical 
example was one SRB in Treatment #3, which contained a whole piece of shell with diameter 
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greater than 1.5 cm and several pieces of fragments. After tumbling, with the protection of this 
whole piece of shell, only the outside portion of the SRB had dissolved; the oil core mixed with 
some fragments inside of this piece of shell was still intact as an oil residue ball. This whole 
piece of shell greatly affected the test result of this SRB, resulting in a much lower dissolution 
extent than those of the other samples in the same group.  
The porosity of SRBs has also impacted the shaking test results. As discussed before, 
SRBs with higher porosity were looser and easier to be broken apart. Especially in the shaking 
test, the tumbler would create more water energy to break them; this enlarged the effects from 
porosity of SRBs at the same time. Due to limited numbers of the SRBs, the samples used in 
Treatment #5 were smaller, lighter, and looser, which means more breakable, than the others 
used in the former four treatments. This caused the dissolution extents of the samples in 
Treatment #5 to be higher than what they were supposed to be. Particularly, the samples from 
5/18/16 used in this shaking test were the last five SRBs collected on that date, and the one used 
in Treatment #5 was the lightest and loosest, so that the dissolution extents of SRBs from 
5/18/16 were higher than other samples in the same group. Oppositely, in the second group, the 
SRB collected from 5/5/16 was the hardest one of all fifteen samples. Like the one from 5/18/16 
in Treatment #3 of the static test, there was no crack on the surface of this SRB; and sands on the 
outside layer barely loose. This resulted in a lower dissolution extent.  
Regression analysis was also conducted in the shaking test. According to the linear 
regress about the correlation between dissolution extent and salinity (Figure 5), the stability of 
SRBs is negatively correlated with salinity. However, the value of R2 is extremely small, which 
means it cannot represents for mass of data, due to a lot of exceptions in each salinity treatment 
caused by porosity and shells content of SRBs.  
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Figure 5. Dissolution extent and salinity of all SRB samples for the shaking test 
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the reason why the dissolution extents of the samples from 5/5/16 and 5/18/16 in Treatment #5 
were higher than what were expected.  
 
 
 
Figure 6. Dissolution extent and salinity of SRBs from different sampling dates in shaking test 
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As shown in Figure 6 (b), besides the one in Treatment #5 the SRB sample from 5/5/16 
soaked in water with 25% of original salinity (Treatment #2) is the other sample, which had an 
atypical dissolution extent. It was the hardest one of the all fifteen samples. The dissolution 
extent of this SRB was expected to be higher than that of the one in Treatment #3. However, the 
porosity effect of SRBs dominated the effect of salinity, thus the dissolution extent of the sample 
in Treatment #2 was even lower than that of the one in Treatment #4.  
Although the samples from 5/18/16 were very loose and small, they were the only set of 
samples that showed a negative correlation between dissolution extent and salinity if dropping 
out the result of the sample treated with 100% salinity, which was the loosest, lightest, and most 
vulnerable one. Although it was expected that SRBs degrade slowest in 100% salinity, it was 
broken apart completely by water energy owing to its loose structure. According to the 
regression analysis shown in Figure 6 (b) and (c), although it seems stability of SRBs negatively 
correlate with salinity, the values of R2 are very small, which means it cannot represent for mass 
of data.  
2.4 Conclusions 
In this chapter, lab experiments were undertaken to determine how salinity in water 
environments affect the dissolution process of Surface Residue Balls (SRBs). Sea salt crystals 
were dissolved in tap water to simulate water environments with different levels of salinity. This 
study did not take environmental factors, like oxygen and microorganism, into consideration as 
no natural waters were directly collected from the beach. However, the effect of physical 
characteristics of SRBs should not be ignored, especially in the shaking test when the tumbler 
produced great water energy. Shells or shell fragments contained in SRBs substantially lowered 
the dissolution extents because their sizes are in general greater than 2 mm and would not go 
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through the sifter. The heavier the portion with sizes greater than 2 mm is, the lesser the 
dissolution extent was calculated. Porosity of SRBs also affected the test results. The dissolution 
extents of the SRBs with higher porosity were greater as they were looser, and less stable, as 
well as easier to be separated apart. It should be noted that there might be other factors affected 
the dissolution of SRBs, for instance, microorganism on SRBs and water temperature. But these 
were not the main reasons why SRBs dissolved in different extents between static and shaking 
test. 
In the static test, salinity was the main influential factor of SRB stability. The results 
indicated a negative correlation between the dissolution extent and salinity for the samples 
collected on the same date except for some extreme conditions. In this test, all the SRB samples 
were just statically soaked in water with different salinity. Although contents of shells and 
porosity of SRBs affected the results to a certain extent, the hypothesis that SRBs dissolve more 
in water environment with lower salinity was proved still. In the shaking test, tumbler, which 
was used to simulate wave conditions, created huge water energy that enlarged the impacts from 
porosity of SRBs. Thus, porosity was the main influencing factor of SRBs stability in the 
shaking test. SRB samples in water with higher salinity are expected to persist for a longer 
duration, suggesting by the findings in the static holding test. However, SRBs with higher 
porosity were completely broken apart due to water energy, even if they were in water with high 
salinity. 
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CHAPTER 3: TRANSPORT 
3.1 Introduction  
The Louisiana Gulf Coast with one of the most dynamic shorelines has lost 17.8% of 
available land since the 1930’s (Britsch and Dunbar, 1993). The rate of vertical subsidence is 1.2 
cm per year due to dramatic land sinking and erosion (DeLaune et al., 1983). Without the 
protection of dunes, the mudflat or the marsh areas behind Fourchon Beach become the most 
vulnerable sites because of many eroding tides and waves. If the beach erosion continues, marsh 
areas will completely transform to an open-water bay in less than 40 years (DeLaune et al., 1983). 
The Louisiana Gulf Coast was heavily impacted by the Deepwater Horizon oil spill in 2010 
including Fourchon Beach. Oil residue mixed with sand and shells can be driven to reach the 
Louisiana Gulf Coast in several distinct forms: one is Submerged Oil Mats (SOMs) and the other 
is in the form of Surface Residue Balls (SRBs). SOMs are mainly deposited in subtidal zones, 
formed in either shallow water areas with sufficient energy to entrained oil and sands, or along 
coastlines where surface oil seeps into the sand (OSAT-3, 2014). SRBs have been found 
deposited in all of three tidal zones on Fourchon Beach during washover events, and 
characteristics of SRBs vary within the deposited locations (Lemelle et al., 2014; Elango et al., 
2014). For example, the SRBs in supratidal zone are smaller than those in subtidal or intertidal 
area (Urbano et al., 2013). Storm surge driven processes that re-expose buried oil and then move 
it from the intertidal zones to the supratidal areas is an important transport process for oil to the 
marsh (Pardue et al., 2014). An event like this happens when waves wash over the beach crests is 
termed a “washover”, which is driven by cold fronts, cyclones, or high tides (Georgiou et al., 
2005). On Fourchon Beach, the oil has been moved from subtidal and intertidal zones to the 
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supratidal areas by runup flows during the washover events when beach crests were overtopped. 
Thus, currents may move SRBs to inland marsh and mudflats through washover channels.  
Buried oil can be re-exposed by wave and wind in subtidal and intertidal zones. Wave 
energy can break oil “mats”; concentrated oil deposits into smaller pieces, and then transport 
them to supratidal areas. One type of oil produced from this process are the surface residue balls 
or SRBs. These can be moved by waves and currents during the washover events. However, not 
all currents are capable of moving SRBs, which consist of 75% to 90% of sand by weight. Under 
most non-storm conditions, cm-sized SRBs cannot be transported. However, during storm events, 
all SRBs, even up to 10 cm, can be mobilized along the shore (Dalyander et al., 2014). The SRBs 
that cannot be mobilized would be buried again (Dalyander et al., 2015). Unlike the shoaling 
zone or the surf zone, the SRBs are very mobile in the swash zone, which is between the 
backbeach and the surf zone with broken waves, even when wave energy is low (Dalyander et al., 
2015). 
In the last chapter, the effects of water chemistry were discussed in regards to the impacts 
of salinity on SRB aggregate stability. The static holding test showed that the salinity of water 
environments was one of the main influential factors affecting the stability of. The shaking test 
proved that energetic waves would break SRBs apart into smaller pieces during the washover 
events.  
In this chapter, data from the hurricanes and tropical strorms, which impacted Louisiana 
Gulf Coast after the oil spill event in 2010, and SRB samples, which were collected from 
Fourchon Beach on March 7th, May 5th, and May 18th in 2016 were analyzed to determine 
whether these storms were able to create enough water energy to move SRBs across the beach. 
  25  
Furthermore, water levels were correlated to relative return periods to predict the frequency of 
washover events that could occurr at different elevations on Fourchon Beach.  
3.2 Data Collection 
3.2.1 SRBs sampling 
SRB samples were collected from Fourchon Beach, LA, on March 7th, May 8th, and May 
18th in 2016. Physical characteristics of the SRB samples, including size, weight, and moisture 
were measured after collection. The mean moisture levels were 0.6%, 0.4% and 0.8% for the 
SRBs collected on March 7th, May 5th and May 18th respectively. The sizes and weights of the 
SRBs are shown in Figure 1. The median diameter (d50) of samples was required in this study. 
According to the measurements of all the SRB samples, the median diameter was d50=18.91mm. 
3.2.2 Bathymetry 
Local water depths, which are required for both shoaling analysis and calculation of the 
wave speed, were extrapolated from bathymetry data. The bathymetry data from Fourchon Beach 
was downloaded from NOAA Data Access Viewer 
(https://coast.noaa.gov/dataviewer/?redirect=301ocm#/lidar/search/), and the data were then 
further processed using ArcGIS to extract detailed digital elevations of the six profiles as shown 
in Figure 7. The digital elevations were extracted every three meters on each profile. Profiles 1 to 
5 were drawn on Fourchon Beach, and Profile 6 was on Elmer’s Island, which is also a part of 
the Caminda Headland beach system (Figure 7). The six beach profiles are plotted and shown as 
Figures 8. It should be noted that the profiles are valid for the period of the spill event, but the 
completion of the Caminda Headland Beach Profile has changed these significantly as 5-6 feet of 
sand has been added across the beach.  
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Figure 7. Map layer with 6 profiles from NOAA 
 
Figure 8. Beach Profile 1 to 6 
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3.2.3 Hurricanes and Tropical Storms 
Hurricane data was collected from NOAA Hurricanes (https://coast.noaa.gov/hurricanes/) 
to show how each of these storms impacted the Louisiana Gulf Coast after the oil spill event in 
2010. Wind speed and relative fetch length of each event are shown in Table 4. 
Table 4. Wind speed and Fetch length of hurricanes 
Storms Date Wind speed (m/s) Fetch (m) 
BONNIE 2010 2010.7.22 18.01 987530 
 2010.7.23 20.58 1003080 
 2010.7.24 15.43 1007550 
 2010.7.25 12.86 191350 
FIVE 2010 2010.8.10 15.43 732610 
 2010.8.11 15.43 729560 
 2010.8.16 10.29 449710 
IRENE 2011 2011.8.21 30.87 1006540 
 2011.8.22 38.58 1006540 
 2011.8.23 41.16 1006540 
 2011.8.24 54.02 1006540 
 2011.8.25 48.87 912370 
 2011.8.26 46.3 727360 
LEE 2011 2011.9.2 20.58 213580 
 2011.9.3 25.72 178590 
DEBBY 2012 2012.6.23 20.58 506075 
 2012.6.24 28.29 404060 
 2012.6.25 25.72 422530 
 2012.6.26 23.15 503460 
ISAAC 2012 2012.8.20 15.43 844680 
 2012.8.21 18.01 889800 
 2012.8.22 23.15 1006540 
 2012.8.24 28.92 975830 
 2012.8.25 28.92 975830 
 2012.8.26 28.92 975830 
 2012.8.27 30.87 550480 
 2012.8.28 36.01 153440 
KAREN 2013 2013.10.3 28.29 835320 
 2013.10.4 25.72 598320 
 2013.10.5 20.58 346290 
 2013.10.6 15.43 199240 
BILL 2015 2015.6.16 25.72 645740 
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Eight storms including Hurricane BONNIE and FIVE in 2010, IRENE and LEE in 2011, 
DEBBY and ISAAC in 2012, KAREN in 2013, and BILL in 2015 were discussed in this study. 
As wave velocity depends on wind speed and fetch length, maximum wind speed and relative 
fetch of everyday for each storm were required to calculate the initial condition for wave 
generation on the local coast. Fetch is the distance of water that a given wind has blown.  
3.2.4 Mean Sea Level 
In order to predict the return period of washover events that occurred at different 
elevations on Fourchon Beach, the maximum local Mean Sea Level (MSL) data over years was 
required. Local water level data was collected for 12 years, from 2004 to 2015, from NOAA tidal 
gauge at Port Fouchon, Belle Pass, LA (Figure 9, Station ID: 8762075). The Mean Sea Level 
(MSL) at this station between this time period was 9.214 m. The mean tidal range was 0.37m; 
and the diurnal range was 0.38m at this tidal gauge. 
 
Figure 9. Location of Gauge 8762075, Port Fourchon, Belle Pass, LA 
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MSL data distribution from 2004 to 2015 and maximum water level of each year from 
this tidal gauge are shown in Table 5 and Figure 10 respectively.  
Table 5. Maximum water level of each year from 2004 to 2015 
Year 2004 2005 2006 2007 2008 2009 
Max Water Level 0.715 1.307 0.577 0.529 1.471 0.737 
Year 2010 2011 2012 2013 2014 2015 
Max Water Level 0.615 0.809 0.615 0.533 0.529 0.713 
 
 
Figure 10. MSL data distribution from 2004 to 2015 
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?̅?cr=7( ℎ
𝑑50
)
1
7 [𝑔(𝑠 − 1)𝑑50𝑓(𝐷∗)]
1
2                for     𝐷∗ > 0.1                       Eq.1 
Where        𝑓(𝐷∗) =
0.30
1+1.2𝐷∗
+ 0.055[1 − exp (−0.020𝐷∗)] 
                  𝐷∗ = [
𝑔(𝑠−1)
𝑣2
]1/3𝑑50 
                  h = water depth 
                  d50 = median grain diameter  
                  g = acceleration due to gravity  
                  s = ratio of densities of grain and water 
                  𝑣 = kinematic viscosity of water 
According to the measurement of all SRB samples, median grain diameter was d50=18.91 
mm. The report of OSAT-3 showed that the density of SRBs was 2107 kg/m3. The density of 
water is 1027 kg/m3, which leads to a ratio of densities of grain and water of s=2.0516. 
3.3.2 Wave Hindcasting and Shoaling Analysis 
In order to determine whether SRBs on Fourchon Beach can be moved by waves, a 
comparison between the local wave velocity and the threshold current speed was conducted. 
Coastal waves were generated by energy transferring from wind to waves (Kamphuis, 2010). In 
this study, the Young & Verhagen (1996) Method was used for wave hindcasting. The equations 
of Young & Verhagen (1996) are shown below.  
Non-dimensional energy: 𝜖 = 3.64 × 10−3{tanh [𝐴2] ∙ tanh [
𝐵1
tanh (𝐴1)
]}𝑛                                Eq. 2 
Non-dimensional peak frequency: 𝑣 = 0.133{tanh [𝐴2] ∙ tanh [
𝐵2
tanh (𝐴2)
]}−0.37                     Eq. 3 
Where      n = 1.74 
                A1 = 0.493d*0.75 
                B1 = 0.13×10-3F*0.57 
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                A2 = 0.331d*1.01 
                B2=5.215×10-4F*0.73 
                Non-dimensional water depth d* =  𝑔𝑑
𝑈10
2  
                Non-dimensional fetch F* = 𝑔𝐹
𝑈10
2  
                U10 = wind speed at a height of 10m 
                F = fetch length 
                d = water depth 
Then        m0 = 𝜖𝑈10
4
𝑔2
 
                Significant wave height Hs =  4√𝑚0 
And          𝑓𝑝 =
𝑣𝑔
𝑈10
 
                Wave period Tp = 1
𝑓𝑝
 
Furthermore, the Fenton & McKee (1989) Equation, which represents a relation between 
wavelength and wave period, was used to estimate the initial condition for wave generation 
(Fenton and McKee, 1989).  
𝐿 = 𝐿0{tanh [(2𝜋√
𝑑
𝑔
/𝑇)3/2]}2/3                                         Eq. 4 
Where      L0 = 
𝑔𝑇𝑝
2
2𝜋
 
                Wave speed U = 𝐿
𝑇𝑝
 
With estimates of initial wavelength (L0), local wave number (k) at different water depths 
can be calculated based on the relations between wave number (k) and wavelength (L): 
{
𝐿 = 𝐿0 ∙ tanh (𝑘𝑑)
𝑘 =
2𝜋
𝐿
                                                   Eq. 5 
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And then, local wave velocity can be calculated by            
     𝐶 = 𝑈 ∙ tanh (𝑘𝑑)                                                    Eq. 6 
Shoaling analysis was conducted with the shoaling equation (Kamphuis, 2010) shown 
below to determine wave breaking.  
𝐻1
𝐻2
= √
𝑛2𝑐2
𝑛1𝑐1
                                                           Eq. 7 
3.3.3 Prediction of Return Period 
In order to predict the return period of washover events that occurred at different 
elevations on Fourchon Beach, the Least-Squares Method (LSM) was used to correlate water 
level and relative return period. The Least-Squares Method (LSM) is a method that used to 
estimate parameters in probability distribution functions (Zhao and Chen, 2008). LSM is defined 
by the following equations: 
𝑋 = 𝐴(𝑙𝑛
1
𝑄
)
1
𝛼 + 𝐵                                                       Eq. 8 
𝑄 =
1
𝜆𝑇𝑅
                                                               Eq. 9 
𝑌 = (𝑙𝑛
1
𝑄
)
1
𝛼                                                         Eq. 10 
𝑋 = 𝐴𝑌 + 𝐵                                                         Eq. 11 
𝑇𝑅 =
exp [−(
𝑋−𝐵
𝐴
)𝛼]
𝜆
                                                     Eq. 12 
A three-parameter function fit was utilized to find out coefficients A, B and α. The 
maximum values in Table 5 were then ranked by value from highest to lowest. The return period 
was calculated for each event on the 12-year record and regressed.  
3.4 Results and Discussion 
3.4.1 Threshold Velocity & Wave Speed 
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The threshold bed shear-stress equation combined with the friction law to give the 
Soulsby formula (Eq. 1), which is valid for any sediments and water conditions.  According to 
Eq. 1, a curve relating water depth and threshold velocity with parameters of local coastal 
environmental condition can be Figure 11.  
 
Figure 11. Threshold velocity graph for water depth 
According to this relation curve, threshold current speed increases while water levels get 
deeper. However, the rate of increase is not high since the curve is relatively flat without a steep 
incline. The wave speed equation (Eq. 6) used in this study shows a relation of hyperbolic 
tangent function between wave velocity and water depth, which means wave velocity decreases 
gradually after initiated by winds while water levels are getting shallower. Threshold current 
velocity was compared to wind wave speed to determine whether the SRBs on the local coast 
could be moved by water. However, this method is only available in areas with shallow water. A 
current is a large water movement in one direction. That means currents are not only at the 
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surface like waves, but also are deeper in the ocean; and currents do not have to be in the same 
direction as waves do in deep water. In addition to this, currents in the Gulf of Mexico are known 
as loop currents with directions near the shore that can be regarded as parallel with the coastline. 
Therefore, in this study, only the areas with water depths of 0-0.5m were analyzed.  
According to the bathymetry data from NOAA, the deepest local water depth in the study 
area is about 11 m. It is assumed waves were generated at the point with a water depth of 10 m. 
The Young & Verhagen (1996) Method was used to calculate initial wave conditions when 
waves were generated by these tropical events, and the results are shown in Table 6. The 
equations of Young & Verhagen (1996) Method suggested that both wind speed and fetch length 
impacted wave velocity. However, according to data in Table 4 and Table 6, wind speed acted 
more effective than fetch length in affecting the velocity of waves. With the same fetch lengths, 
wave velocity decreases with increases of wind speed. When wind speeds were the same, the 
fetch length almost showed no effect: wave speeds were the same as well. The results of the 
shoaling analysis were also shown in Table 6 as a wave breaking condition. 
After a discussion about initial conditions, comparisons between threshold speed and max 
wave velocity of each storm are shown on beach profile 1-6 in Figure 12 (a) to (f) respectively. 
According to the Figures 12, the difference of wave velocity between each storm could be 
ignored when compared with threshold current speed. In beach profile 1, SRBs at a water depth 
lower than 0.028 m could not be moved since wave velocity was lower than threshold speed 
according to Figure 12 (a). The same situation happened as the SRBs at a water depth lower than 
0.016 m on Elmer’s Island. In beach profile 6, the curve of wave speed was under the curve of 
threshold speed in Figure 12 (f), which means the SRBs in this area were unmovable. Figure 12 
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(d) shows that the threshold speed and the wave speed were very close when water depths were 
near 0.093 m. 
Table 6: Initial wave condition of every hurricane that affected Fourchon Beach since 2010 
Hurricanes Date L0 Tp Hs U 
BREAK 
AT 
BONNIE 2010 2010.7.22 53.57 5.86 0.30 9.15 0.62 
 
2010.7.23 57.36 6.06 0.32 7.55 0.69 
 
2010.7.24 49.44 5.63 0.28 7.50 0.58 
 
2010.7.25 44.40 5.33 0.11 7.39 0.26 
FIVE 2010 2010.8.10 49.44 5.63 0.24 7.50 0.51 
 
2010.8.11 49.44 5.63 0.24 7.50 0.51 
 
2010.8.16 39.55 5.03 0.16 7.22 0.33 
IRENE 2011 2011.8.21 70.48 6.72 0.40 7.46 0.88 
 
2011.8.22 78.90 7.11 0.45 7.34 0.99 
 
2011.8.23 81.52 7.23 0.46 7.30 1.03 
 
2011.8.24 93.53 7.74 0.53 7.08 1.21 
 
2011.8.25 88.92 7.55 0.48 7.16 1.10 
 
2011.8.26 86.52 7.44 0.42 7.21 0.99 
LEE 2011 2011.9.2 57.28 6.06 0.15 7.55 0.37 
 
2011.9.3 64.15 6.41 0.16 7.53 0.39 
DEBBY 2012 2012.6.23 57.36 6.06 0.23 7.55 0.52 
 
2012.6.24 67.44 6.57 0.24 7.50 0.58 
 
2012.6.25 64.26 6.42 0.24 7.53 0.56 
 
2012.6.26 60.91 6.25 0.24 7.55 0.56 
ISAAC 2012 2012.8.20 49.44 5.63 0.25 7.50 0.54 
 
2012.8.21 53.57 5.86 0.28 7.54 0.60 
 
2012.8.22 60.91 6.25 0.34 7.55 0.73 
 
2012.8.24 67.44 6.57 0.37 7.50 0.82 
 
2012.8.25 67.44 6.57 0.37 7.50 0.82 
 
2012.8.26 67.44 6.57 0.37 7.50 0.82 
 
2012.8.27 70.48 6.72 0.30 7.46 0.69 
 
2012.8.28 76.13 6.98 0.17 7.38 0.45 
KAREN 2013 2013.10.3 67.44 6.57 0.35 7.50 0.77 
 
2013.10.4 64.26 6.42 0.28 7.53 0.64 
 
2013.10.5 57.36 6.06 0.19 7.55 0.45 
 
2013.10.6 49.17 5.61 0.13 7.49 0.30 
BILL 2015 2015.6.16 64.26 6.42 0.29 7.53 0.66 
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Figure 12. Threshold speed vs. maximum wave speed of each storm on beach profile 1 to 6 
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All the results suggested that SRBs could not be moved when water was extremely 
shallow. Bathymetry data gained from NOAA was used as water depth in this study. While 
extracting detailed digital data from the map layer (Figure 7), three-meters was set as the interval 
between every data point. With such resolution, it was hard to determine a specific location 
where water started to be able to move the SRBs. However, SRBs are very mobile in the swash 
zone although energy dissipation occurs after wave breaking (Dalyander et al., 2015). The results 
of shoaling analysis that are shown in Table 6 present the locations where the waves broke. All 
the waves broke at a water depth was higher than 0.25 m, which thereby proved that SRBs in 
water depth lower than 0.1 m must be in swash zones to keep moving. Additionally, waves are 
not only generated by winds, but also by other kinds of waves like tidal waves and tsunamis, 
which are caused by earthquake underwater. In this study, only wind waves were taken into 
consideration. Even if tsunamis do not occur frequently, tidal waves, which are generated by 
earth tidal gravitation, cause changes in the waterbody every day. Therefore, wind waves plus 
tidal waves could be able to move SRBs no matter where they were located on Fourchon Beach 
and Elmer’s Island during each storm when the water level reached a certain value. 
3.4.2 Prediction of Return Period 
Note that the coefficients A, B, and α in Eq. 8 to 12 that define Least-Squares Method 
(LSM) were found by a three-parameter function fit: A=0.2442, B=0.5269 and α=1
𝐶
=0.6502, with 
R2=0.9391607. The fitting curve is shown below in Figure 13.  
After ranking the maximum values in Table 5 from highest to lowest, a return period was 
calculated for each event on the 12-year record and regressed. A curve of relations between 
water level and return period was drawn in Figure 14. The equation of this curve was written as: 
𝑦 = 0.2021 ln(𝑥) + 0.428                                             Eq. 13 
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Where x = return period and y = water level. 
 
Figure 13. Curve fitting coefficient A, B and C=1
𝛼
 
 
Figure 14. Return period graph for MSL 
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Using this method, a return period can be calculated according to the water level by Eq. 
13, and then the frequency of washover events occurring at different location can be predicted 
according to where the crest was exceeded. In Fourchon Beach profile 1, there are two crests; 
one with elevation of 1.74 m and another one is 0.95 m above Mean Sea Level. Followed Eq. 13, 
the crest that at 1.74m would be submerged every 660 years, and water would reach the point 
with elevation of 0.95 m every 21 years. Figure 8 shows that the crest of beach profile 2 located 
at 0.97 m above MSL; and washover event would happen at this crest every 15 years. The 
highest point in beach profile 3 is 1.09 m above MSL; this crest would be washed over every 26 
years. There is a dune with elevation of 1.07 m in beach profile 4; and water would submerge 
this dune every 24 years according to calculation through Eq. 13. The elevation of crest on beach 
profile 5 is 0.90 m, and the return period of washover event occurring at this location was 
calculated as 10 years through the relation equation about water level and return period. Finally, 
in beach profile 6 of Elmer’s Island, there are two crests, one with elevation of 1.38 m and 
another one in front of it with elevation of 1.04m. With calculation using Eq. 13, return periods 
of water submerging these two locations were found as 111 years and 21 years respectively. 
However, as documented before, the interval between two data points was set as 3 m when 
extracted digital data from map layer with bathymetry in this study. Thus, the beach profiles that 
were drawn on the basis of bathymetry data are able to describe a sketchy slope of beaches but 
not the detailed conditions. For example, if a dune was small in size and located exactly between 
two data points, it would not be presented in the beach profile. However, according to the 
maximum water level data in Table 5, and following the Least-Squares Method (LSM) used in 
this study to predict return period, washover events would occur at small dunes or crests, which 
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are located lower than 0.529m above MSL, every year, even if they are not shown in beach 
profiles (Figure 8). 
3.5 Conclusions 
In this study, theoretical analysis on mass data about the hurricanes that impacted the 
Louisiana Gulf Coast after the 2010 Deepwater Horizon oil spill event, and SRBs, which were 
collected from Fourchon Beach, was undertaken to determine whether these SRBs could be 
moved during hurricanes. Comparing threshold current velocities that were calculated by 
Soulsby-Ban Rjin (Soulsby, 1997) and wave velocities in local coast SRBs would start to move 
when wave speed was higher than threshold speed. Young & Verhagen (1996) method and 
shoaling analysis were utilized together in this study for calculation of local wave speed. Data of 
water depth as a required effective factor for all of these methods were obtained from bathymetry; 
and the interval between two data points was set as 3 m when extracted digital data from map 
layer. Least-Squares Method (LSM) was used to predict for return periods of washover events 
that occurred at locations with different elevations above MSL.  
With comparison between threshold and wave speed, SRBs were found not movable in 
extreme shallow water according to Figure 12. As besides wind, which was considered as the 
major driving force in this study, tidal force also causes changes on waterbody. Additionally, 
Dalyander’s research showed that SRBs are very mobile in swash zones (Dalyander et al., 2015). 
Therefore, in this study site, water may be able to move all SRBs no matter where they were 
located in shallow water. According to beach profile 1-6 (Figure 8), crest elevation of each 
profile and relative return period of washover events are shown in Table 7.  
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Table 7. Crest elevation with relative return period of washover event 
 Crest Elevation (m) Return Period (y) 
Beach Profile 1 1.74 659.73 
Beach Profile 2 0.97 14.61 
Beach Profile 3 1.09 26.46 
Beach Profile 4 1.07 23.97 
Beach Profile 5 0.90 10.33 
Beach Profile 6 1.38 111.11 
 
According to Table 7, the washover event on Fourchon Beach is not supposed to happen 
in less than 10 years. However, the bathymetry data with an internal of 3 m might miss some 
small dunes that were located exactly between two data points. Thus washover events at dunes or 
crests, which are lower than 0.529 m above MSL, will happen every year.  
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CHAPTER 4: SUMMARY AND PROSPECT 
4.1 Summary 
Based on all the information that is presented in this study, a few conclusions can be 
drawn about the Surface Residue Balls (SRBs) that came from the Deepwater Horizon oil spill. 
Washover events with high water levels, caused by storm surges, hurricanes or other situations, 
rush and re-expose SRBs or SOMs in subtidal regions and then move and re-deposit them to 
intertidal and supratidal zones. During this process, SRBs are separated into smaller pieces due 
to turbulence created by waves. After being moved, SRBs re-deposit after the wave energy 
decreased. A part of them are moved to wetland in supratidal areas. Water in wetlands behind 
Fourchon Beach is a mixture of freshwater and seawater. As water environments have different 
characteristics, SRBs that were soaked in water with less salinity degrade faster than those were 
soaked in seawater. The results of the lab experiments proved that differences in the salinity of 
water environments did influence the stability of SRBs: a lower salinity in water led to more 
degradation of SRBs. 
Further analysis regarding the transport of SRBs was undertaken using data of the 
hurricanes that impacted the Louisiana Gulf Coast after the 2010 oil spill. Without storm 
conditions, SRBs with cm-size cannot be mobilized or transported by nearshore currents. 
However, during storm events, all the SRBs even with size up to 10cm can be moved. The 
comparison between threshold speed and local wave speed demonstrated that all the SRBs on 
Fourchon Beach can be transported during hurricanes. Furthermore, from a relation curve 
between return period and relative water level, which is the water level that washover event 
occure, washover events will happen at the dunes with elevation lower than 0.529m every year. 
The result of prediction also showed that the safeguard procedures implemented on this headland 
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beach system are effective. Event submerging the entire Fourchon Beach would not happen in 
660 years, while that submerging Elmer’s Island may not happen in 111 years. 
4.2 Future Research 
More SRBs should be collected from some other beaches as the characteristics of SRBs 
vary among different locations. More influencing factors that affect the stability of SRBs should 
be taken into consideration. In addition, the interfering factors should be isolated and eliminated 
when possible. Even though neither a lab experiment nor theoretical analysis can perfectly 
represent the reality, we still should try to be as close to a natural environment as possible. 
Therefore, field experiments should be carried out to test the accuracy of any lab results.
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